Prognosis of Cerebral Vein and Dural Sinus Thrombosis

Results of the International Study on Cerebral Vein and Dural Sinus Thrombosis (ISCVT)
C erebral vein and sinus thrombosis (CVT) is rare compared with arterial stroke, and it often occurs in young people. Its clinical evolution seems to be different from other stroke subtypes and is highly variable between studies. 1 Reliable data on natural history and prognosis of CVT are scarce and are based mainly on single-center or singlecountry studies of modest size. [2] [3] [4] [5] [6] [7] Treatment of sinus thrombosis with heparin is safe and is likely to improve its outcome. 8 -10 Local endovascular thrombolysis may improve outcome in selected cases but has only been tried in small uncontrolled case series. 11 Despite improvements in diagnosis and treatment, dural sinus thrombosis may still cause death or permanent disability. [2] [3] [4] [5] [6] [7] [8] [9] [10] The International Study on Cerebral Vein and Dural Sinus Thrombosis (ISCVT) was initiated to obtain reliable evidence on clinical presentation, risk factors, outcome, and prognostic factors in a large prospective, multicenter series of patients with CVT.
Subjects and Methods
Organization of Study, Cases, and Case Ascertainment
ISCVT is a prospective multinational observational study that included consecutive patients (aged Ͼ15 years) with symptomatic CVT. All participants committed themselves to provide data on consecutive cases diagnosed at their institutions and to perform at least a 6-month follow-up observation. Case report forms with inclusion and follow-up data were sent to the coordinating center in Lisbon, Portugal. All data were cross-checked and validated at the end of the follow-up period. Inclusion started in May 1998 and continued until May 2001. Patients were followed up from diagnosis to December 31, 2002. Most of the participants were neurologists. In order not to miss cases admitted to other departments, investigators were asked to disseminate information about the study in their hospitals and to search for cases in the emergency, imaging, intensive care, and other hospital departments.
Imaging, Demographic and Clinical Data, Risk Factors, and Treatment
The diagnosis of CVT had to be confirmed by conventional angiography, CT venography, MRI combined with MR venography, surgery, or autopsy, following established diagnostic criteria. 1 Central review of the imaging results was optional.
We recorded the following information: demographic data; dates of onset of symptoms, of hospital admission, and of confirmation of the diagnosis by imaging (considered as day 0); symptoms and signs from onset to diagnosis; Glasgow Coma Scale (GCS) score on admission and during the clinical course; imaging methods used; location of the thrombus; and number, location, and size of any parenchymal lesions.
Presenting syndromes were dichotomized as isolated intracranial hypertension (any combination of headache, vomiting, and papilledema with/without visual loss or sixth nerve paresis, without other neurological symptoms or signs) and other presenting syndromes.
A list of potential risk factors for CVT was attached to the inclusion form to assist investigators with the etiological workup (available at www.iscvt.com). Lumbar puncture (unless contraindicated) and thrombophilia screening (proteins C and S, antithrombin III, lupus anticoagulant, anticardiolipin antibodies, factor V Leiden, and G20210A mutations) were recommended.
The choice of treatment was left to the treating physician, but all treatments were systematically recorded.
Follow-up
Follow-up visits were performed at 6 months, at 12 months, and yearly thereafter, preferably by direct interview and observation by the local investigators. If that was not possible, alternative methods included telephone interview of the patient or interview of a relative or general practitioner. For patients who were lost to follow-up, the condition on the day of hospital discharge was regarded as the final follow-up. Follow-up data recorded were as follows: disability (according to modified Rankin Scale [mRS]), 12 death, recurrent symptomatic sinus thrombosis (new symptoms with new thrombus on repeated venogram or MRI), other thrombotic events, seizures, headaches requiring bed rest or hospital admission, severe visual loss (quantified with an optometric chart as Ͻ4/10), pregnancy, abortion, and current antithrombotic and other treatments.
Outcome
Outcome was classified according to the mRS as complete recovery (mRS 0 to 1); partial recovery, independent (mRS 2); dependent (mRS 3 to 5); and death (mRS 6). For patients who had a telephone follow-up, the mRS score was assessed by 3 previously validated questions. 13 Primary outcome was death or dependence (mRS Ͼ2) at the end of the follow-up period. Secondary outcomes were death and death or dependence at 6 months. For patients who missed the 6-month evaluation but had the 1-year follow-up, we adopted the "worst Rankin" scenario: we used the mRS score either at discharge or at 1-year follow-up (whichever was worse) to estimate disability at 6 months.
Statistical Analysis
We considered demographic, clinical, and imaging variables and risk factors as possible explanatory variables of the outcomes (see Appendix 2, which is available online at http://stroke.ahajournals.org). Bivariate analysis was performed for each outcome with the 2 test (with Yates correction when necessary) or Fisher exact test for categorical data and with the Student t test or ANOVA for continuous data. Variables associated (PϽ0.10) with outcomes in the bivariate analysis were entered into a multivariate analysis.
For the outcome "death or dependence at the end of follow-up," we performed survival analysis using Kaplan-Meier and Cox regression statistics. We calculated the hazard ratios (HRs) and 95% CIs for the retained variables. For the remaining secondary outcomes, we performed a logistic regression analysis (backward method) and calculated odds ratios (ORs) and 95% CIs for the retained variables. Data were analyzed with SPSS 11.0 for Windows.
Results
Baseline Characteristics
Six hundred twenty-four adult cases were included in the study from 89 centers in 21 countries. The median delay from onset of symptoms to admission was 4 days (meanϭ14.5; SDϭ57.4 days) and from onset of symptoms to diagnosis 7 days (meanϭ18.3; SDϭ59.4 days). The diagnosis of CVT was established by MRI/MR venography in 443 patients (71%), by intra-arterial angiography in 74 (12%), by CT venography in 13 (2%), by multiple imaging methods in 89 (14%), and by surgery or autopsy in 5 (1%). The mode of onset was acute in 232 patients (37.2%), subacute in 346 (55.5%), and chronic in 45 (7.2%). One hundred forty-three patients (22.9%) presented with isolated intracranial hypertension. Eighty-three (13.9%) had a GCS score of between 9 and 13, and 31 (5.2%) were comatose (GCS Ͻ9). Demographic, clinical, and imaging features are shown in Table 1 [5.5%] ). Shunts were performed in 10 patients (1.6%), 9 (1.4%) had decompressive craniotomy or hematoma evacuation, and 7 (1.1%) required mechanical ventilation.
Outcome
Information on outcome at discharge was available for all patients (Table 3) . Median hospital stay was 17 days (meanϭ20. 4, SDϭ14.3) . Thirty-day case fatality was 3.4% (21 cases).
Six-month follow-up was assessed by face-to-face interview in 432 patients (77%), by telephone interview in 91 (16.3%) , by other means in 27 (4.8%), and not specified in 10 (1.8%). Thirty-seven patients (6%) missed the 6-month evaluation but had subsequent follow-ups. At 6 months, 437 patients (79.6%) were on oral anticoagulation.
At the end of the study we had follow-up information for 98.7% of the patients. Eight patients (1.3%) were lost to follow-up after discharge. The last follow-up was performed by face-to-face interview in 358 patients (61%), by telephone in 189 (32%), by other means in 29 (4.9%), and not specified in 13 (2%). Median length of follow-up was 16 months (meanϭ18.6, SDϭ11.1). Median time on oral anticoagulants after discharge was 231 days (7.7 months). Eleven of the 25 deaths (44%) that occurred after the acute phase were not caused by sinus thrombosis but by an underlying condition. There were no significant differences in outcome between patients enrolled in different countries or world regions. Patients presenting with isolated intracranial hypertension syndrome had a better outcome (10 dead Table 4 .
Results of logistic regression analysis for secondary outcomes are shown in Table I , which is available online at http://stroke.ahajournals.org.
Events occurring during follow-up are shown in Table 5 . Thirty-four women became pregnant after CVT. There were 9 abortions (4 spontaneous, 5 voluntary) and 21 (61.7%) uneventful pregnancies. Complications in the remaining 4 pregnancies included recurrent CVT (1 patient) and limb or pelvic venous thrombosis (2 patients) and seizures (1 patient). Only 1 woman who suffered recurrent thrombotic events was on LMWH. Among the 77 women who had CVT related to pregnancy or puerperium, 8 had uncomplicated new pregnancies, 1 pregnant woman experienced a seizure, and there were 1 spontaneous and 2 voluntary abortions.
Discussion
The main objectives of this prospective multicenter international study were achieved. This is the largest cohort ever published (624 CVT patients) collected over a short period of time, with the largest follow-up (median 16 months). The prognosis was better than reported previously. Nevertheless, 8% died, either as a direct consequence of CVT or due to an underlying condition. Risk factors for an unfavorable outcome were identified and included male sex, age Ͼ37 years, coma, mental status disorder, intracranial hemorrhage on admission, thrombosis of the deep cerebral venous system, central nervous system (CNS) infection, and cancer.
Strengths of the study include the collaboration between many types of hospitals in different countries and continents, *Seventeen (41.5%) patients were on anticoagulants at the time of the event.
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which diminishes potential inclusion bias. CVT was confirmed in all cases with current technology and established consensus criteria. Completeness of follow-up was satisfactory, with only 1.3% lost after discharge. Methodological limitations of the study include lack of central review of imaging and absence of uniform etiological workup or treatment. Nevertheless, an extensive search for risk factors was pursued in the majority of the patients, as supported by the small number (12.5%) of patients without identified risk factors. Notably, a systematic search for thrombophilia was performed in 75% of the centers. More than 80% of the patients were anticoagulated with therapeutic doses of heparin. Incomplete case ascertainment is a possible source of bias. Since the majority of the participants are neurologists, we may have missed severe cases admitted to intensive care units and therefore underestimated death and disability. To decrease this potential bias, investigators were asked repeatedly to search for cases through imaging and other hospital departments and intensive care units.
Because the ISCVT has a pragmatic design and included patients from 89 centers in 21 countries, results of this study are generalizable to CVT patients around the world with the exception of Africa or Asia because very few patients from these continents were included. A higher frequency of CVT related to infections, anemia, and pregnancy/puerperium 14, 15 and a less favorable outcome for CVT patients in these continents are possibilities that need to be verified. ISCVT results do not apply to children, who may have a worse prognosis than adults. 16 Before ISCVT, only 6 prospective studies examined the long-term outcome after CVT. [2] [3] [4] [5] [6] [7] These studies were based on a single center or single country and had modest sample sizes. These features limit their statistical power and generalizability. Results from these series concerning death and disability were contradictory (Table 6) , perhaps related to referral bias. Total death rate at the end of follow-up in the aforementioned studies ranged from 0% 7 to 39%. 2 The death/dependence rate at the end of follow-up varied from 9% 5 to 44%, 2 while in ISCVT only 13% of the patients either had died or were dependent at the end of follow-up.
Deaths during follow-up were as frequent as acute deaths but were predominantly related to underlying diseases, such as malignancies. Very few patients remained dependent. This finding contrasts with the outcome from arterial stroke types, in which the proportion of permanently dependent patients ranges between one third and two thirds of the survivors. 17 Long-term prognostic factors were analyzed by multivariate methods in 3 previous studies. 4 -6 ISCVT confirmed coma, 4 cerebral hemorrhage, 4 and malignancy 6 as important prognostic factors for death or dependence. In addition, we identified male sex, age Ͼ37 years, mental status disorder, thrombosis of the deep cerebral venous system, and CNS infection as variables that increase the risk of death or dependence. Seizures (10%) and new thrombotic events (4%) were the most frequent complications during follow-up. Recurrence of CVT and severe visual loss were exceptional but severe and potentially preventable occurrences. Except for spontaneous abortions, other complications rarely occurred during or after new pregnancies. These findings strongly support the evidence that past CVT (including puerperal CVT) is not a contraindication to pregnancy. 18, 19 Our results have implications for clinical practice concerning the investigation, treatment, and prognosis of patients with CVT. We found that patients with CVT usually have multiple risk factors. Therefore, the identification of 1 risk factor (eg, contraceptives, infection) should not stop the search for additional risk factors, in particular inherited or acquired thrombophilia. More than 80% of the patients were treated with anticoagulants, indicating a consensus among most participants on the efficacy and safety of anticoagulation in the acute phase of CVT. 10 The ISCVT has identified easily available variables that predict an unfavorable outcome. Patients with these characteristics deserve additional close monitoring, and some may be candidates for more aggressive interventions, such as local thrombolysis and reduction of intracranial pressure.
The results of our study also have implications for research. Future randomized clinical trials of aggressive and potentially hazardous interventions such as local thrombolysis 11 or decompressive craniectomy 20 should be targeted at high-risk patients. Because of the comparative rarity of CVT, such studies can only succeed through international collaborative efforts such as that initiated in the ISCVT. 
Participants
The following centers and investigators participated in the ISCVT. The number of patients included at each center is given in parentheses. Hôpital Lariboisière Paris, France (49, M-G. Bousser and I. Crassard); Instituto Nacional de Neurologia y Neurocirurgia, Mexico 
